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Field  of  the  Invention 

The  present  invention  relates  to  the  plasticization  of  ethylene  vinyl  alcohol,  and  in  particular  relates  to  a 
chlorine  free  heat  shrinkable  plastic  film  for  which  the  predominant  oxygen  barrier  layer  is  formed  of  ethylene 

5  vinyl  alcohol  and  a  plasticizing  terpolymer. 

Background  of  the  Invention 

In  the  packaging  and  delivery  of  certain  food  products,  such  as  cheese,  pork,  smoked  and  processed 
10  meats,  and  particularly  fresh  red  meat,  there  exists  the  need  to  protect  the  meat  for  the  period  of  time  from 

when  it  is  first  butchered  until  it  is  used  by  the  end  consumer.  In  particular,  because  oxygen  promotes  microbial 
degradation  in  such  meats,  the  most  pertinent  requirement  for  protecting  fresh  red  meat  is  long  term  protection 
against  oxygen. 

One  excellent  material  for  preventing  the  passage  of  oxygen  is  thin,  but  multilayer  sheet  wrapping  material 
15  or  film  in  which  the  oxygen  barrier  is  formed  of  one  or  more  layers  of  polyvinylidene  chloride,  which  is  also 

referred  to  as  "PVDC"  or  "saran".  As  its  name  implies,  however,  one  of  the  key  ingredients  of  PVDC  is  chlorine. 
There  presently  exist  a  number  of  reasons,  including  environmental  considerations,  that  make  the  elimination 
of  chlorine  desirable  in  such  sheet  wrap  materials. 

Accordingly,  other  materials  have  been  included  in  sheet  wrap  materials  to  provide  the  oxygen  barrier.  One 
20  material  which  has  good  oxygen  barrier  characteristics  under  certain  conditions  is  ethylene  vinyl  alcohol,  often 

abbreviated  as  "EVOH".  EVOH,  however,  tends  to  lose  its  oxygen  barrier  properties  when  subjected  to  mois- 
ture.  As  would  be  expected,  fresh  red  meats  and  similar  food  products  contain  high  amounts  of  moisture  which 
in  turn  tend  to  degrade  the  otherwise  useful  oxygen  barrier  properties  of  EVOH. 

Another  requirement  of  such  a  film  is  that  it  be  physically  strong.  In  this  regard,  certain  olefin  products 
25  such  as  polypropylene  and  polyethylene  form  sheet  materials  with  excellent  strength  characteristics,  but  which 

tend  to  have  relatively  high  oxygen  transmission  rates.  Accordingly,  multilayer  plastic  films  often  include  poly- 
olef  in  layers  for  strength  in  combination  with  layers  of  other  materials  that  have  better  barrier  characteristics. 

As  implied  by  the  designation  "heat  shrinkable",  another  desirable  property  of  the  film  is  that  it  be  com- 
patible  with  heat  shrinking  processes  that  are  often  used  in  conjunction  with  such  films.  As  is  known  to  those 

30  familiar  with  heat  shrinkable  products  and  processes,  the  term  "orientation"  is  used  to  refer  to  various  defor- 
mation  processes  carried  out  on  plastic  film  materials  during  their  manufacture.  The  viscous  and  elastic  prop- 
erties  of  most  thermoplastic  polymers  enable  those  polymers  to  recover  from  deformation  or  to  otherwise  "re- 
member"  both  the  nature  of  the  orientation  and  the  temperature  at  which  the  original  orientation  takes  place. 
As  a  result,  a  plastic  material  that  is  oriented  at  a  certain  temperature  (e.g.  200°F),  and  then  cooled  to  ambient 

35  or  working  temperatures  will,  if  later  reheated  to  temperatures  approaching  the  deformation  temperature  (again 
200°F),  similarly  have  a  tendency  to  return  to  its  pre-oriented  state  at  that  temperature.  If  the  orientation  is 
an  expansion  process,  then  the  recovery  will  be  a  shrinking  process.  Thus,  a  further  desirable  property  of  an 
oxygen  barrier  packaging  film  is  that  it  can  be  oriented  at  relatively  moderate  temperatures,  and  then  subse- 
quently  shrunk  at  those  moderate  temperatures. 

40  Stated  differently,  packagers  prefer  to  carry  out  the  heat  shrink  process  at  temperatures  well  below  those 
at  which  red  meat  would  start  to  cook.  Thus,  the  lower  the  temperature  at  which  a  plastic  can  be  oriented,  the 
correspondingly  lower  temperature  at  which  it  can  be  heatshrunk.  Additionally,  the  greater  the  degree  to  which 
a  plastic  film  can  be  oriented,  the  greater~and  usually  more  useful-the  degree  to  which  it  will  shrink.  Therefore, 
the  greater  the  ratio  at  which  a  particular  film  can  be  oriented,  the  better  its  heat  shrink  properties  at  all  tem- 

45  peratures,  and  particularly  at  lower  ones. 
As  further  stated  above,  as  a  replacement  for  chlorinated  materials  such  as  PVDC,  EVOH  is  another  ex- 

cellent  oxygen  barrier  material  at  low  relative  humidities  or  other  measures  of  moisture  content.  Similarly,  it 
eliminates  the  use  of  chlorine.  At  higher  moisture  contents,  however,  the  oxygen  barrier  properties  of  EVOH 
rapidly  decrease.  As  a  result,  when  EVOH  is  used  as  an  oxygen  barrier,  it  must  be  part  of  a  composite  structure 

50  that  otherwise  prevents  moisture  from  interfering  with  the  oxygen  barrier  properties  of  the  EVOH. 
Furthermore,  as  previously  noted,  heat  shrinkable  properties  are  desirable  in  plastic  film  of  this  type,  and 

the  degree  to  which  a  film  can  be  heatshrunk  is  a  function  of  the  extent  to  which  it  can  be  originally  deformed 
(at  a  given  temperature)  while  maintaining  its  integrity. 

In  my  co-pending  application,  Serial  No.  970,896,  filed  November  3,  1992,  1  describe  improved  multilayer 
55  films  using  EVOH  as  a  barrier  layer.  The  contents  of  Serial  No.  970,896  are  incorporated  entirely  herein  by 

reference.  Prior  to  my  co-pending  application,  the  orientability  of  EVOH  composite  films  never  exceeded  a  fac- 
tor  of  about  8  to  1,  usually  expressed  as  8  x  1,  when  oriented  at  or  below  212°F.  As  known  to  those  familiar 
with  the  manufacture  of  such  films,  the  orientation  ratio  is  the  multiplication  product  of  the  extent  to  which  the 

2 
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plastic  film  material  is  expanded  in  several  directions,  usually  two  directions  perpendicular  to  one  another. 
These  directions  are  frequently  referred  to  as  the  machine  direction  ("MD")  which  is  the  direction  in  which  the 
extruded  material  is  formed,  and  the  transverse  direction  ("TD")  which  is  the  direction  transverse  or  perpen- 
dicular  to  the  machine  direction.  The  degree  of  orientation  is  also  referred  to  as  the  orientation  ratio,  or  some- 

5  times  as  the  "racking  ratio". 
Additionally,  in  comparison  to  the  usual  structural  components  of  a  multilayer  film,  EVOH  often  has  the 

highest  glass  transition  temperature  (Tg).  As  is  known  to  those  familiar  with  polymer  materials,  a  higher  Tg 
makes  a  polymer  less  subject  to  orientation.  As  a  result,  when  EVOH  is  included  in  a  multilayer  film,  it  is  often 
the  least  plastic,  least  orientable  of  the  components  and  thus  the  limiting  factor  in  the  amount  to  which  the 

10  overall  film  can  be  oriented. 

Object  and  Summary  of  the  Invention 

Therefore,  it  is  an  object  of  the  present  invention  to  increase  the  plasticity  of  EVOH  and  to  correspondingly 
15  provide  a  highly  orientable  heat-shrinkable  film  with  low  oxygen  permeability,  even  at  higher  relative  humidi- 

ties. 
The  invention  meets  this  object  with  a  multilayer  film  that  comprises  at  least  one  oxygen  barrier  layer 

formed  of  a  blended  resin  of  a  barrier  polymer  such  as  ethylene  vinyl  alcohol  and  a  terpolymer  of  ethylene, 
acrylic  ester,  and  either  maleic  anhydride  or  glycidyl  methacrylate. 

20  In  another  aspect,  the  invention  comprises  a  method  of  producing  a  highly  orientable,  heat-shrinkable,  mul- 
ti-layer  film  with  low  oxygen  permeability. 

In  yet  another  aspect,  the  invention  comprises  a  method  of  packaging  food  products  that  are  sensitive  to 
exposure  to  oxygen  in  a  manner  that  will  protect  those  food  products  against  oxygen  for  satisfactory  time  per- 
iods. 

25  In  yet  another  aspect,  the  invention  is  a  method  of  increasing  the  plasticity  of  ethylene  vinyl  alcohol,  or 
other  oxygen-  barrier  polymers  that  have  higher  glass  transition  temperatures. 

The  foregoing  and  other  advantages  of  the  invention  will  be  more  clearly  illustrated  when  taken  in  con- 
junction  with  the  detailed  description  and  the  accompanying  drawings  in  which: 

30  Description  of  the  Drawings 

Figure  1  is  a  cross-sectional  view  of  a  multi-layer  film  according  to  the  present  invention. 

Detailed  Description 
35 

The  invention  is  a  highly  orientable  heat-shrinkable  film  with  low  oxygen  permeability.  The  film  comprises 
at  least  one  barrier  layer  formed  of  a  blended  resin  of  ethylene  vinyl  alcohol  and  a  terpolymer  of  ethylene,  an 
acrylic  ester,  and  a  third  compound  selected  from  the  group  consisting  of  maleic  anhydride  (MAH)  and  glycidyl 
methacrylate  (GMA). 

40  Ethylene  vinyl  alcohol  (EVOH)  is  used  herein  to  describe  a  polymer  formed  of  ethylene  and  hydroxyl  (OH) 
functional  groups.  EVOH  materials  are  often  characterized  by  their  percentage  content  of  ethylene  molecules, 
also  referred  to  as  the  ethylene  mole  fraction.  EVOH  is  commercially  available  with  ethylene  mole  fractions 
of  about  27%  to  about  48%.  In  the  preferred  embodiment  of  the  invention,  the  ethylene  mole  fraction  of  the 
EVOH  layer  is  between  about  30%  and  50%  of  the  EVOH  polymer,  and  in  the  most  preferred  embodiments, 

45  the  ethylene  fraction  is  about  44%.  Generally  speaking,  a  higherethylene  mole  fraction  gives  better  orientation, 
while  a  lower  ethylene  mole  fraction  offers  better  oxygen  barrier  characteristics.  Thus,  the  selection  is  often 
made  for  the  particular  combination  of  properties  desired  in  a  manner  well  understood  by  those  familiar  with 
these  materials  and  of  skill  in  this  art. 

Suitable  EVOH  resins  are  available  from  Evalca,  1001  Warrensville  Road,  Suite  201,  Lisle,  Illinois,  60632; 
so  and  from  Morton  International,  1275  Lake  Avenue,  Woodstock,  Illinois,  60098. 

As  used  herein,  the  terpolymers  have  the  structures  illustrated  below: 

55 
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25  As  seen  from  these  formulas,  the  terpolymers  (in  which  "m"  and  "n"  designate  integers  normally  greater 
than  1)  include  combinations  of  ethylene  functional  groups,  acrylic  esters  (in  which  "R"  designates  an  appro- 
priate  aliphatic  or  aromatic  group  that  is  otherwise  compatible  with  the  terpolymer  and  the  film  properties), 
and  either  maleic  anhydride  (2,5-furandione;  C4H203),  or  glycidyl  methacrylate  (glycidyl  methacrylate: 
H2C=C(CH3)  COOCH2CHCH20).  In  such  terpolymers,  the  acrylic  esters  offer  thermal  stability,  flexibility,  po- 

30  larity  and  wettability.  The  maleic  anhydride  or  glycidyl  methacrylate  offers  chemical  reactivity,  adhesion  to  po- 
lar  substrates,  and  compatibility  with  other  polymers. 

These  terpolymers  also  have  a  lower  Tg  than  EVOH,  have  little  or  no  negative  impact  on  EVOH's  barrier 
properties  when  blended  according  to  the  invention,  have  little  or  no  impact  on  optical  quality  of  the  resulting 
films,  and  have  a  good  viscosity  match  with  EVOH  (for  extrusion  purposes).  In  preferred  embodiments  of  the 

35  invention,  the  maleic  anhydride  terpolymer  is  more  frequently  incorporated.  These  terpolymer  resins  are  com- 
mercially  available  from  Elf  Atochem  North  America,  Inc.,  Three  Parkway,  Philadelphia,  P.A.,  19102  under  the 
designation  "Lotader." 

Figure  1  illustrates  a  cross-sectional  view  of  a  multilayer  film  according  to  the  present  invention.  It  will  be 
understood  that  this  particular  structure  is  illustrative  of  typical  multi-layer  films,  but  that  the  invention  is  not 

40  limited  to  this  particular  type  of  structure. 
In  Figure  1,  the  film  is  broadly  designated  a  10  and  is  formed  of  a  sealant  layer  11,  a  core  layer  12,  and  a 

first  tie  (i.e.  adhesive)  layer  13.  These  three  layers  taken  together  are  often  referred  to  as  a  substrate,  because 
in  some  processing  techniques,  it  is  preferable  to  treat  the  substrate  in  manners  that  are  advantageous  to  its 
components  prior  to  adding  any  further  layers  for  which  such  treatments  would  be  disadvantageous.  Alterna- 

45  tively,  the  entire  illustrated  structure  can  be  coextruded  and  treated. 
A  variety  of  materials  are  useful  for  the  various  layers  that  compliment  the  oxygen  barrier  layer  of  the  pres- 

ent  invention.  The  sealant  layer,  for  example,  can  be  selected  from  the  group  consisting  of  very  low  density 
polyethylene  (VLDPE),  linear  low  density  polyethylene  (LLDPE),  ethylene  vinyl  acetate  (EVA),  and  combina- 
tions  thereof.  The  core  layer  12  can  be  selected  from  the  group  consisting  of  EVA,  LLDPE,  and  combinations 

so  thereof.  With  respect  to  polyethylene,  terms  such  as  "low  density,"  "very  low  density,"  "high  density"  and  "lin- 
ear"  are  used  in  a  manner  typical  of  this  art.  Such  terms  are  broadly  defined  in,  for  example,  Lewis',  Hawleys 
Condensed  Chemical  Dictionary,  Twelfth  Edition  (1993).  As  can  be  seen  therein,  these  definitions  are  gener- 
ally  descriptive,  and  their  use  in  the  present  specification  and  claims  is  such  a  descriptive  use,  rather  than  a 
limiting  one. 

55  The  first  or  substrate  tie  layer  12,  the  second  tie  layer  14,  and  the  third  tie  layer  16  can  all  be  selected 
from  appropriate  adhesive-type  polymers,  including,  for  example,  the  group  consisting  of  ethylene  vinyl  acet- 
ate,  blends  of  linear  low  density  polyethylene  and  maleic  anhydride,  and  blends  of  acrylic  esters  and  maleic 
anhydride,  among  others. 

4 
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The  skin  layer  17  can  be  selected  from  the  group  consisting  of  blends  of  ethylene  vinyl  acetate  and  high 
density  polyethylene  (HDPE),  polypropylene  homopoylymers,  copolymers  or  terpolymers,  and  blends  of  linear 
low  density  polyethylene  and  preferably  metallocene  polyolef  ins. 

As  used  herein,  the  designation  metallocene  polyolef  ins  refers  to  a  group  of  olefin  polymers  that  are  pro- 
5  duced  using  metallocene  catalysts.  Metallocene  olefin  polymers  are  characterized  by  narrower  or  more  ho- 

mogenous  compositional  properties  such  as  molecular  weight  distribution  than  are  polymer  resins  produced 
by  more  conventional  Ziegler-Natta  catalyst  systems.  Conventional  Ziegler-Natta  catalyst  polymerization  sys- 
tems  have  discrete  composition  differences  which  are  manifested  as  different  catalyst  reaction  sites.  Each 
such  site  has  a  different  reaction  rate  and  selectivity.  In  contrast,  metallocene  catalyst  systems  are  charac- 

10  terized  by  a  single  identifiable  chemical  type  which  has  a  singular  rate  and  selectivity.  Thus,  conventional  Zie- 
gler-Natta  catalyst  systems  produce  resins  that  reflect  the  differential  character  of  the  different  catalyst  sites. 
Alternatively  and  advantageously,  metallocene  catalyst  systems  produce  polymer  resins  that  reflect  a  single 
type  of  catalytic  site.  It  will  be  noted  by  those  familiar  with  polymer  resins,  however,  that  at  least  some  previously 
available  ethylene-based  linear  polymers  approximated  the  physical  and  compositional  properties  achieved 

15  by  the  metallocene  catalyst  polyolefins.  Stated  differently,  traditional  Ziegler-Natta  catalyzed  polymerization 
processes  operating  at  low  reaction  rates  can  produce  relatively  homogeneous  resins  that  compare  favorably 
with  the  homogeneity  of  metallocene  catalyzed  resins.  Exemplary  Ziegler-Natta  catalyzed  polyolef  in  resins  are 
sold  under  the  trade  name  Tafmer®  by  Mitsui  Petrochemicals  Americas,  Ltd.,  250  Park  Avenue,  Suite  950, 
New  York,  N.Y.,  10177.  Exemplary  metallocene-catalyzed  polyolef  in  resins  are  sold  under  the  trade  name  Ex- 

20  act®  by  Exxon  Chemicals  Company,  P.O.  Box  3272,  Houston,  Texas  77253. 
Accordingly,  although  illustrated  as  a  complete  structure,  Figure  1  can  also  illustrate  a  substrate  and  a 

coating  on  the  substrate.  The  substrate  comprises  the  sealant  layer  11,  the  core  layer  12,  and  the  first  tie  layer 
13.  The  coating  comprises  of  another  tie  layer  14,  and  oxygen  barrier  layer  15,  another  tie  layer  16,  and  the 
skin  layer  17. 

25  In  preferred  embodiments,  the  barrier  layer  15  is  formed  of  a  blended  resin  in  which  the  ethylene  vinyl  al- 
cohol-preferably  44%  mole  fraction  ethylene-makes  up  between  about  85%  and  90%  by  weight  and  the  ethy- 
lene,  acrylic  ester,  and  maleic  anhydride  terpolymer  makes  up  between  about  10%  and  15%  by  weight. 

In  a  presently  preferred  embodiment  that  is  exemplary  of  commercial  food  wraps,  the  invention  is  incor- 
porated  in  a  film  of  24  mils  thickness.  In  this  structure,  the  sealant  layer  (11)  is  3.0  mils  thick,  the  core  is  9.0 

30  mils,  each  tie  layer  is  1.2  mils,  the  blend  is  2.4  mils,  and  the  skin  layer  is  6.0  mils  thick. 
One  of  the  advantages  of  the  barrier  layer  of  the  present  invention  is  its  ability  to  be  bi-axially  oriented  at 

relatively  high  ratios.  As  noted  above,  films  according  to  the  present  invention  have  a  typical  commercial  thick- 
ness  of  about  24  mils  (1  mil  equals  0.001  inch).  Using  the  present  invention,  such  films  can  have  bi-axial  ori- 
entation  ratios  of  at  least  10  to  1  and  to  date  have  been  oriented  at  ratios  of  as  high  as  almost  15  to  1.  In  turn, 

35  such  films  have  been  demonstrated  to  have  normalized  oxygen  transmission  rates  (OTR's)  at  0%  relative  hu- 
midity  (RH)  of  between  about  2  and  12  cm3-mil/day/m2-atm  at  room  temperature,  and  an  OTR  at  1  00%  RH  of 
between  about  19  and  42  cm3-mil/day/m2-atm  at  room  temperature. 

A  summary  of  some  of  these  various  properties  are  included  in  the  two  following  tables.  Table  1  shows 
the  orientation  properties  and  Table  2  illustrates  the  barrier  properties  of  various  samples  of  the  present  in- 

40  vention. 

45 
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TABLE  X:  ORIENTATION  PROPERTIES 

O r i e n t a t i o n   O r i e n t a t i o n  
Sample  V a r i a b l e 1   MD  x  TD  T o t a l  

,-,„„+.,„„!  Less   than  Less  T h a n  C o n t r o l   1 0 0 / 0  
3 . 0 x 2 . 5   7 . 5  

3525  85/15  3200  3  .3  x  3.2  1 0 . 6  

3697  (#12)  80/20  3200  3.2  x  3.72  1 1 . 9  

3698  (#13)  85/15  3700  2 .78   X  3.72  1 0 . 3  

3699  (#14)  85/15  3410  3.2  X  3.72  1 1 . 9  

3700  (#15)  85/15  3200  3 .20   X  3.72  1 1 . 9  

3701  (#16)  90/10  3200  2 .76   X  3.72  1 0 . 3  

3702  (#17)  90 /10   3200  N/A  N/A 

3703  (#21)  85/15  3410  3 .20   X  3.72  1 1 . 9  

3748  (A-2)  85/15  3410  3 .20   X  3.72  1 1 . 9  

3760  (#9)  85/15  3410  3 . 2 0   X  3.72  1 1 . 9  

3761  (#10)  85/15  3410  3 .20   X  3.72  1 1 . 9  

'We igh t   P e r c e n t   of  EVOH/Terpolymer  ;  E l f   Atochem  P r o d u c t   No.  

In  all  cases  EVOH  is  Eval  E105  and  Terpolymer  is  a  Lotader  product  having  the  number  indicated;  the  ter- 
jolymers  are  all  maleic  anhydride  terpolymers. 
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T e n s i l e ,   E l o n g a t i o n ,   and  Modulus  are  compu ted   as  t h e  

a v e r a g e   of  l e n g t h w i s e   and  t r a n s v e r s e   v a l u e s   for  e a c h  

2.  M o i s t u r e   Vapor  T r a n s m i s s i o n   Rate  (g/24  h o u r s - l O O i n 2   a t  
so  100  *  F  and  100%  r e l a t i v e   h u m i d i t y )  

3.  Oxygen  T r a n s m i s s i o n   Rate  ( cm3-mi l /day /m2-a tm  at   room 
t e m p e r a t u r e )  

55  
4-  Nos.  4 6 3 5 - 4 6 3 7   used  male ic   a n h y d r i d e   t e r p o l y m e r  

5.  Nos.  4 6 3 8 - 4 6 4 1   used  g l y c i d y l   m e t h a c r y l a t e   t e r p o l y m e r  
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The  invention  further  comprises  the  method  of  producing  a  highly  orientable  heat-shrinkable  multi-layer 
film  with  low  oxygen  permeability.  The  method  comprises  blending  an  ethylene  vinyl  alcohol  resin  with  a  ter- 
polymer  of  ethylene,  and  acrylic  ester,  and  a  third  compound  selected  from  the  group  consisting  of  maleic  an- 
hydride  and  glycidyl  methacrylate.  Thereafter,  the  resulting  blended  resin  is  incorporated  as  a  layer  in  a  multi- 

5  layer  plastic  film. 
As  mentioned  earlier,  and  in  accordance  with  conventional  techniques,  the  step  of  incorporating  the  blend- 

ed  resin  can  comprise  applying  the  blended  resin  as  a  coating  onto  the  tie  layer  of  a  substrate  formed  of  a 
sealant  layer,  a  core  layer  on  the  sealant  layer,  and  the  tie  layer  on  the  core  layer.  Typically,  the  substrate  is 
coextruded  as  the  sealant,  core  and  tie  layers  prior  to  the  step  of  applying  the  blended  resin  to  the  substrate. 

10  As  illustrated  in  Figure  1  ,  the  method  can  further  comprise  the  step  of  applying  the  second  tie  layer  14  to  the 
substrate  tie  layer  13  prior  to  the  step  of  applying  the  blended  resin. 

The  method  can  then  further  comprise  the  steps  of  applying  the  third  tie  layer  16  to  the  blended  resin  layer 
15  after  the  blended  resin  layer  15  has  been  applied  to  the  substrate  and  thereafter  coating  the  third  tie  layer 
16  with  the  skin  layer  17. 

15  As  is  known  to  those  familiarwith  the  manufacture  of  such  films,  the  substrate  can  be  beneficially  irradiated 
to  enhance  its  properties,  typically  crosslinking,  prior  to  the  step  of  applying  the  coating  layers  to  it. 

Alternatively,  the  entire  multi-layerfilm  such  as  illustrated  in  Figure  1  can  be  coextruded  to  form  the  entire 
structure  in  one  step  and  then  irradiated. 

The  method  of  forming  the  film  can  then  further  comprise  the  step  of  bi-axially  orienting  the  multi-layer 
20  plastic  film.  As  known  to  those  familiar  with  such  techniques,  a  typical  orientation  would  include  maintaining 

the  film  at  a  temperature  of  between  about  160  and  210  F,  preferably  165  and  210  F,  while  expanding  the  film 
in  both  the  machine  and  transverse  directions,  and  thereafter  cooling  the  film  to  about  45°F  while  maintaining 
the  film  in  the  expanded  condition  to  maintain  its  orientation. 

Other  than  the  composition  of  the  film,  the  extrusion,  irradiation  and  coating  steps  (or  the  coextrusion 
25  steps)  are  conventional  to  those  of  ordinary  skill  in  this  art,  as  is  the  equipment  used,  and  will  not  otherwise 

be  described  in  detail  herein.  As  a  brief  summary,  however,  the  core  and  sealant  layers  that  form  the  substrate 
are  extruded  at  appropriate  temperatures;  e.g.  approximately  350-400°F  for  the  composite  films  of  the  present 
invention.  The  substrate  is  quenched  at  about  50°F  and  then  irradiated.  The  coating  layers  are  then  applied 
by  extrusion,  at  temperatures  of  about  330-430°F,  and  again  quenched  to  about  50°F.  The  product  is  a  flattened 

30  tube  of  composite  film  that  is  referred  to  as  the  tape.  The  tape  is  then  heated  in  a  water  bath  to  a  temperature 
of  between  about  165°  and  210°F,  nipped  (on  rolls),  and  directed  through  an  air  ring.  The  air  ring  inflates  the 
tape,  while  a  terminal  set  of  nip  rolls  draw  it  at  a  higher  rate  than  it  is  initially  fed.  As  a  result,  the  air  ring  helps 
expand  the  tape  in  the  transverse  direction  into  a  tube  while  the  terminal  nip  rolls  expand  it  in  the  machine 
direction.  The  terminal  nip  rolls  also  re-flatten  the  tubing,  after  which  it  is  wound  for  use  or  other  processing. 

35  The  film  of  the  invention  can  then  be  used  in  an  appropriate  method  of  wrapping  a  food  product  in  the  highly 
oriented  heat-shrinkable  multi-layerfilm,  and  then  heat-shrinking  the  multi-layerfilm  around  the  food  product 
to  complete  the  package. 

As  is  further  known  to  those  familiarwith  this  type  of  packaging,  the  heat-shrinking  step  typically  comprises 
immersing  the  wrapped  food  product  in  a  shrink  tunnel  having  a  temperature  of  between  160°  and  210°F-i.e., 

40  corresponding  to  the  orientation  temperature--for  a  time  period  sufficient  for  the  oriented  film  to  shrink  to  a 
substantially  uncriented  condition,  while  brief  enough  to  prevent  the  shrink  tunnel  from  affecting  the  properties 
of  the  food  product. 

In  another  aspect,  the  invention  comprises  a  method  of  increasing  the  plasticity  of  ethylene  vinyl  alcohol, 
for  a  variety  of  purposes,  in  which  the  method  comprises  blending  the  ethylene  vinyl  alcohol  with  a  functionally 

45  effective  amount  of  a  terpolymer  of  ethylene,  an  acrylic  ester,  and  a  third  compound  selected  from  the  group 
consisting  of  maleic  an  hydride  and  glycidyl  methacrylate.  In  the  preferred  embodiment,  the  terpolymer  includes 
maleic  anhydride,  and  is  blended  in  an  amount  of  between  10%  and  25%  with  the  ethylene  vinyl  alcohol. 

Although  44%  EVOH  has  been  used  in  the  preferred  embodiments  herein,  the  invention  should  also  help 
improve  the  orientability  of  the  lower  ethylene  mole  fraction  grades  of  EVOH  (i.e.,  those  grades  that  are  less 

so  plastic,  but  better  02  barriers)  in  any  areas  where  plastization  is  required,  including  injection  molding,  thermo- 
forming,  or  other  finishing  processes.  Similarly,  the  invention  should  offer  increased  plasticity  and  related  ad- 
vantages  in  any  process  where  glass  transition  temperature  is  a  limiting  factor. 

In  the  drawings  and  specification,  there  have  been  disclosed  typical  preferred  embodiments  of  the  inven- 
tion  and,  although  specific  terms  have  been  employed,  they  have  been  used  in  a  generic  and  descriptive  sense 

55  only,  and  not  for  purposes  of  limitation,  the  scope  of  the  invention  being  set  forth  in  the  following  claims. 

8 
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Claims 

1.  A  plastic  film  with  low  oxygen  permeability,  said  film  comprising: 
at  least  one  oxygen  barrier  layer  formed  of  a  blended  resin  of 
a  terpolymer  of  ethylene,  an  acrylic  ester,  and  a  third  compound  selected  from  the  group  consisting 

of  maleic  anhydride  and  glycidyl  methacrylate;  and 
an  oxygen-barrier  polymer  that  has  a  glass  transition  temperature  greater  than  the  glass  transition 

temperature  of  the  terpolymer. 

2.  Af  ilm  according  to  claim  1  wherein  the  weight  percentage  of  said  oxygen-barrier  polymer  in  said  blended 
resin  is  from  85  to  90  percent. 

3.  A  highly  orientable  heat-shrinkable  film  with  low  oxygen  permeability,  said  film  comprising  at  least  one 
oxygen  barrier  layer  formed  of  a  blended  resin  of  ethylene  vinyl  alcohol  and  a  terpolymer  of  ethylene,  an 
acrylic  ester,  and  a  third  compound  selected  from  the  group  consisting  of  maleic  anhydride  and  glycidyl 
methacrylate. 

4.  A  film  according  to  claim  3  wherein  the  weight  percentage  of  ethylene  vinyl  alcohol  in  said  blended  resin 
is  greater  than  50  percent. 

5.  A  film  according  to  claim  4  wherein  the  weight  percentage  of  ethylene  vinyl  alcohol  in  said  blended  resin 
is  from  85  to  90  percent. 

6.  A  film  according  to  claim  3,  4  or  5  wherein  the  ethylene  content  of  said  ethylene  vinyl  alcohol  is  about  44 
mole  percent. 

7.  A  film  according  to  any  one  of  the  preceding  claims  which  is  a  multilayer  film. 

8.  A  film  according  to  claim  7  wherein  said  multilayer  film  comprises  a  substrate  portion  and  a  coating  por- 
tion. 

9.  A  film  according  to  claim  8  wherein  said  substrate  portion  comprises  a  plurality  of  individual  layers  and 
said  coating  portion  comprises  a  plurality  of  individual  layers. 

10.  A  film  according  to  claim  9  wherein  said  substrate  comprises  a  sealant  layer,  a  core  layer  and  a  substrate 
tie  layer;  and 

said  coating  comprises  a  second  tie  layer,  an  oxygen  barrier  layer,  a  third  tie  layer,  and  a  skin  layer. 

11.  A  multilayer  film  according  to  claim  10  wherein  said  sealant  layer  is  selected  from  the  group  consisting 
of:  very  low  density  polyethylene,  linear  low  density  polyethylene,  ethylene  vinyl  acetate,  and  combina- 
tions  thereof. 

12.  A  multilayer  film  according  to  claim  10  or  11  wherein  said  core  layer  is  selected  from  the  group  consisting 
of:  ethylene  vinyl  acetate,  linear  low  density  polyethylene,  and  combinations  thereof. 

13.  A  multilayer  film  according  to  claim  10,  11  or  12  wherein  said  tie  layers  are  selected  from  the  group  con- 
sisting  of:  ethylene  vinyl  acetate,  blends  of  linear  low  density  polyethylene  and  maleic  anhydride,  and 
blends  of  acrylic  esters  and  maleic  anhydride. 

14.  A  multilayer  film  according  to  any  one  of  claims  10  to  13  wherein  said  skin  layer  is  selected  from  the  group 
consisting  of:  blends  of  ethylene  vinyl  acetate  and  high  density  polyethylene,  polypropylene  monopoly- 
mers,  copolymers,  or  terpolymers;  and  blends  of  linear  low  density  polyethylene  and  metallocene  polyo- 
lefins. 

15.  A  film  according  to  any  one  of  the  preceding  claims  having  a  biaxial  orientation  ratio  of  at  least  10:1  when 
0.61  mm  (24  mil)  thick. 

16.  Afilm  according  to  claim  15  that  has  been  biaxially  oriented  at  a  ratio  of  from  10:1  to  15:1. 

17.  Afilm  according  to  any  one  of  the  preceding  claims  wherein  said  third  compound  comprises  glycidyl  me- 
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thacrylate,  and  wherein  said  film  has  a  normalized  oxygen  transmission  rate  (OTR)  of  from  7  to  90  cm3- 
mil/day/m2-atm  at  room  temperature  and  an  OTR  at  100%  RH  of  from  35  to  100  cm3-mil/day/m2-atm  at 
room  temperature. 

5  18.  Afilm  according  to  any  one  of  claims  1  to  16  wherein  said  third  compound  is  maleic  anhydride  and  wherein 
said  film  has  a  normalized  oxygen  transmission  rate  (OTR)  at  0%  relative  humidity  (RH)  of  from  2  and 
12  cm3-mil/day/m2-atm  at  room  temperature,  and  an  OTR  at  100%  RH  of  from  19  and  42  cm3-mil/day/m2- 
atm  at  room  temperature. 

10  19.  A  method  of  increasing  the  plasticity  of  a  polymer  without  sacrificing  oxygen  barrier  characteristics,  which 
method  comprises  blending  a  functionally  effective  amount  of  a  terpolymer  of  ethylene,  an  acrylic  ester, 
and  a  third  compound  selected  from  the  group  consisting  of  maleic  anhydride  and  glycidyl  methacrylate 
with  a  polymer  that  has  a  glass  transition  temperature  greater  than  the  glass  transition  temperature  of 
the  terpolymer. 

15 20.  Amethod  according  to  claim  19  which  comprises  blending  ethylene  vinyl  alcohol  with  a  terpolymer  of  ethy- 
lene,  an  acrylic  ester,  and  a  third  compound  selected  from  the  group  consisting  of  maleic  anhydride  and 
glycidyl  methacrylate  in  an  amount  from  10  to  25%  by  weight  of  terpolymer  and  90  to  75%  by  weight  ethy- 
lene  vinyl  alcohol. 

20  21.  A  method  of  producing  a  highly  orientable  heat-shrinkable  multilayer  film  with  low  oxygen  permeability, 
the  method  comprising: 

blending  an  ethylene  vinyl  alcohol  resin  with  a  terpolymer  of  ethylene,  an  acrylic  ester,  and  a  third 
compound  selected  from  the  group  consisting  of  maleic  anhydride  and  glycidyl  methacrylate;  and  there- 
after 

25  incorporating  the  resulting  blended  resin  as  a  layer  in  a  multilayer  plastic  film. 25 

22.  A  method  according  to  claim  21  wherein  the  step  of  incorporating  the  blended  resin  comprises  irradiating 
a  coextruded  substrate  formed  of  a  sealant  layer,  a  core  layer  upon  the  sealant  layer,  and  a  tie  layer  on 
the  core  layer,  and  subsequently  applying  the  blended  resin  as  a  coating  onto  the  tie  layer  of  the  substrate. 

30 
23.  Amethod  according  to  claim  21  wherein  the  step  of  incorporating  the  blended  resin  comprises  coextruding 

a  multilayer  film  structure  that  includes  a  layer  formed  of  the  blended  resin. 

24.  A  method  of  packaging  a  food  product  sensitive  to  exposure  to  oxygen  to  protect  the  product  against  oxy- 
35  gen  which  method  comprises: 

wrapping  the  food  product  in  a  highly  oriented  heat-shrinkable  multilayer  film  with  low  oxygen  per- 
meability  in  which  at  least  one  of  the  layers  comprises  one  oxygen  barrier  layer  formed  of  a  blended  resin 
of  ethylene  vinyl  alcohol  and  a  terpolymer  of  ethylene,  an  acrylic  ester,  and  a  third  compound  selected 
from  the  group  consisting  of  maleic  anhydride  and  glycidyl  methacrylate;  and 

40  heat  shrinking  the  multilayer  film  around  the  food  product. 

25.  Amethod  according  to  claim  24  wherein  the  step  of  heat  shrinking  the  multilayerfilm  comprises  immersing 
the  wrapped  food  product  in  a  shrink  tunnel  having  a  temperature  from  71  to  98°C  (160°F  to  210°F)  for 
a  time  period  sufficient  for  the  oriented  film  to  shrink  to  a  substantially  unoriented  condition  without  af- 

45  fecting  the  properties  of  the  food  product. 

50 

55 
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